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HALL EFFECT OF THE NFL COMPOUND YbRh2Si2�S. Pas
hen, T. Lühmann, C. Langhammer, O. Trovarelli,S. Wirth, C. Geibel, and F. Stegli
hMax Plan
k Institute for Chemi
al Physi
s of SolidsNöthnitzer Str. 40, 01187 Dresden, Germany(Re
eived July 10, 2002)YbRh2Si2 is a weak antiferromagnet with TN � 70 mK, situated very
lose to an antiferromagneti
 quantum 
riti
al point (QCP). Here, wepresent measurements of the initial Hall 
oe�
ient RH(T ) on high-qualitysingle-
rystalline YbRh2Si2 in the temperature range 16 mK to 300 K.Above 120 K, RH(T ) is, as the magneti
 sus
eptibility, of Curie�Weisstype. This allows for the separation of RH into a normal (R0) and ananomalous 
ontribution. Interestingly, the value obtained for R0 is very
lose to the value RH rea
hes at the lowest temperatures. This indi
atesthat, at the lowest temperatures, RH is dominated by R0 and thus probesthe 
harge-
arrier 
on
entration.PACS numbers: 71.10.Hf, 71.27.+a, 72.15.Gd1. Introdu
tionYbRh2Si2 is the only Yb based f -ele
tron metal known to date showingnon-Fermi-liquid (NFL) properties in the undoped system at ambient pres-sure [1,2℄. In fa
t, YbRh2Si2 undergoes an antiferromagneti
 (AF) transitionat a temperature as low as TN � 70 mK, pointing to YbRh2Si2 being very
lose to an AF quantum 
riti
al point (QCP) [2℄. Stimulated by neutrons
attering results on CeCu5:9Au0:1 [3℄, whi
h 
ontradi
ted the theoreti
alpredi
tions of the spin-density-wave (SDW) s
enario for the QCP [4, 5℄, re-
ently `lo
al' s
enarios for the QCP in heavy-fermion (HF) metals have beenproposed [6,7℄. Hall-e�e
t measurements are suggested [6,7℄ as an adequatetool to distinguish between the 
onventional SDW-QCP s
enario and theselo
al ones. While in the SDW s
enario the (normal) Hall 
oe�
ient is ex-pe
ted to vary smoothly when tuning the system through the QCP, in the� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(359)
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al s
enarios it may 
hange dis
ontinuously: In HF Fermi liquids, the lo-
alized spins (4f holes in YbRh2Si2) 
ontribute to the Fermi sea volumeas ele
trons (or holes) [8, 9℄. If the ele
tron-spin 
omposite quasiparti
lesbreak up at the QCP, then the Fermi sea volume in the AF phase wouldbe distin
tly smaller than in the paramagneti
 phase. To test this predi
-tion with Hall-e�e
t measurements, one has to fa
e the problem that in HF
ompounds the Hall 
oe�
ient is usually dominated in a wide temperaturerange by the anomalous 
ontribution [10℄. Thus, the �rst step has to be toidentify the normal Hall 
oe�
ient R0 in the Hall-e�e
t data. This is thepurpose of the present work. Then, in a se
ond step, the system should betuned through the QCP. This latter work is under progress, with the systemYbRh2(Si1�xGex)2. 2. Results and dis
ussionThe YbRh2Si2 single 
rystalline platelet investigated here was preparedas des
ribed previously [1℄. In our Hall-e�e
t measurements we applied themagneti
 �eld parallel to the 
 axis, whi
h is the hard magneti
 dire
tion.An a
 
urrent was applied in the tetragonal plane. The Hall voltage 
onta
tswere almost perpendi
ular to the dire
tion of the 
urrent, thus leading toa small misalignment voltage only. At ea
h temperature setting, the Hallvoltage was obtained as the asymmetri
 
ontribution upon �eld reversal. InFig. 1 we show the temperature dependen
e of the initial Hall 
oe�
ientRH(T ) of YbRh2Si2 on a semi-log plot. It is negative at high temperatures,assumes a minimum at 105 K, 
hanges sign at 32 K, has a knee-like anomalyat approximately 20 K, passes over a maximum at 0.8 K, and tends to sat-urate at the lowest temperatures. Ex
ept for the low-temperature anomalywith a maximum at 0.8 K, this temperature dependen
e is typi
al of HF
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e of the initial Hall 
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ient RH of YbRh2Si2.
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t of the NFL Compound YbRh2Si2 361systems [10℄. A large anomaly with an extremum in the temperature rangewhere the ele
tri
al resistivity � assumes a maximum (approximately 145 Kfor YbRh2Si2 with the 
urrent within the tetragonal plane [2℄) is usuallyas
ribed to the anomalous Hall e�e
t due to skew s
attering. While thisanomaly is positive for most Ce-based HF systems, it may be expe
ted tobe negative for Yb-based systems [11℄. At the lowest temperatures RH(T )tends to saturate in most HF systems [10℄. For some systems the saturationvalue was interpreted as being dominated by skew s
attering from residualdefe
ts [10℄. Our analysis, however, indi
ates that in YbRh2Si2 the satura-tion value is dominated by the normal Hall 
oe�
ient, as will be outlinedin the following. At temperatures above 120 K, RH(T ) of YbRh2Si2 
loselyresembles the temperature dependen
e of the magneti
 sus
eptibility �(T )along the 
 axis whi
h was shown to be Curie�Weiss like in this temperaturerange, with the paramagneti
 Weiss temperature � � �180 K and an e�e
-tive moment 
lose to the value for free Yb3+ [1℄. This suggests the analysisof RH(T ) in terms of the anomalous Hall e�e
t, using the phenomenologi
alexpression RH(T ) = R0+Rs��(T ), with �(T ) = C=(T ��) [11,12℄. Here,Rs��(T ) is the anomalous 
ontribution and C the Curie 
onstant. Figure 2shows that this relation holds above 120 K with temperature independent R0and Rs values. These values are 4:0� 10�10 m3/C and �3:4� 10�10 m3/C,respe
tively. Interestingly, the value of R0 is in ex
ellent agreement with thevalue to whi
h RH tends to saturate at the lowest temperatures (
f. Fig. 1).This strongly suggests that, at the lowest temperatures, the Hall 
oe�
ientis dominated by R0 and thus probes the 
harge-
arrier 
on
entration. Be-tween 15 and 80 K the relation RH(T ) / �2(T ), predi
ted for the anomalous
ontribution below the peak temperature of RH(T ) [11℄, is followed fairly
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hen et al.well. The low-temperature anomaly with a maximum at 0.8 K 
annot beunderstood in the simple interpretation s
heme [10℄ for HF systems. Wespe
ulate that it may be related to YbRh2Si2 being 
lose to a QCP.3. SummaryThe prime result of our Hall-e�e
t measurements on YbRh2Si2 is that,at the lowest temperatures, the Hall 
oe�
ient is dominated by the normal
ontribution and thus monitors the 
harge-
arrier 
on
entration. This is aprerequisite for studying 
hanges in the Fermi sea volume upon tuning thesystem through the quantum 
riti
al point.We are grateful to P. Coleman, Q. Si, S. von Molnár, P. Gegenwart, andJ. Custers for useful dis
ussions.REFERENCES[1℄ O. Trovarelli, C. Geibel, F. Stegli
h, Physi
a B 284-288, 1507 (2000).[2℄ O. Trovarelli, C. Geibel, S. Mederle, C. Langhammer, F. M. Gros
he,P. Gegenwart, M. Lang, G. Sparn, F. Stegli
h, Phys. Rev. Lett. 85, 626 (2000).[3℄ A. S
hröder, G. Aeppli, E. Bu
her, R. Ramazashvili, P. Coleman, Phys. Rev.Lett. 80, 5623 (1998).[4℄ J.A. Hertz, Phys. Rev. B14, 1165 (1976).[5℄ A.J. Millis, Phys. Rev. B48, 7183 (1993).[6℄ P. Coleman, C. Pépin, Q. Si, R. Ramazashvili, J. Phys.: Condens. Matter 13,R723 (2001).[7℄ Q. Si, S. Rabello, K. Ingersent, J. L. Smith, Nature 413, 804 (2001).[8℄ R.M. Martin, Phys. Rev. Lett. 48, 362 (1982).[9℄ M. Oshikawa, Phys. Rev. Lett. 84, 3370 (2000).[10℄ A. Fert, P.M. Levy, Phys. Rev. B36, 1907 (1987), and Refs. herein.[11℄ H. Kontani, K. Yamada, J. Phys. So
. Jpn. 63, 2627 (1994).[12℄ R.C. O'Handley, in The Hall E�e
t and Its Appli
ations, edited by C.L. Chienand C.R. Westgate, Plenum, New York 1980.


